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3.4 CIVIL/MECHANICAL ALTERNATIVES

3.4.1 DEWLine Survey

General Electric Company participated in an Air Force sponsored site survey
of the DEWLine in August of 1977. The purpose of the trip was to acquaint pro-
spective contractors with, the DEWLine as it now exists, some of the problems
operational personnel encounter, and assess the role of the DEWLine in the social
order of the Arctic community. The trip was most helpful to the General Electric
Company in the development of this study. Highlights of the trip are discussed

below.

E 3.4.1.1 Condition of DEWLine Facilities

e e

A detailed description of each main and auxiliary site is presented in the
Base Civil Engineering, BCE Documents. Typically, however, the main and auxiliary

sites consists of the following major facility elements.

0 Roads/walkways/taxiways and runways
o POL Storage and Distribution

o Power House

o Radar Platform and Antennas
0 Building Trains

o Garages

o Hangars

o Warehouses

0 Refrigeration Systems for Food Storage

0 Building Heating and Ventilating Systems :
o Power Generation and Distribution Systems
o Sanitary Waste Disposal System

o Water Supply and Treatment

o Solid Waste Disposal
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This visit to the DEWLine produced the following observations relative

to the condition and care of these facilities.

o s Laudd

First, all DEWLine Facilities are maintained in a good state of repair.
Furthermore, the structural and electrical distribution elements of these facili-
ties have not aged appreciably and remain in good to excellent condition. Mechanical
systems, such as the heat exchangers and auxiliary oil fired furnaces however do
show signs of aging and in certain cases have probably reached their economical

life span.

The Arctic cold, while harsh to living creatures; has preserving qualities to
wood, steel and concrete and as a result, most DEWLine structures, will probably

remain serviceable for many years to come.

The roads, walkways, taxiways and runways are of course maintained in
excellent condition on all active sites. It is also interesting to note that the
roads and runways at Auxiliary Site, Fox 1 which has been abandoned for some years
also remain in excellent condition. This suggests that like facilities at the

] abandoned "I" Sites and the two abandoned auxiliary sites are also still serviceable.

Across the DEWLine such structures as radar platforms, POL storage tanks,
. power houses, garages, hangars and warehouses all show little aging and remain
‘ structurally sound and in good repair except for painting in certain cases.

The building train's timber foundation, structure and exterior shell are in

good condition. The interior however does show wear and is drab in appearance.

Site personnel have observed vapor trails and frost accumulation in places within

the building trains, particularly near building seams. Also, a heating technician
from Montreal reported the burning out of the fire pots in some of the auxiliary
heating units. This condition was the result of having to drive these units hard
during cold spells, and resulted in their shortened life. The efficiency of the

primary heating system is also suspect. Inspection of a heat exchanger unit used
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in the heat recovery system revealed missing tubes as well as excessive scale.
This condition coupled with a possible breakdown of the building trains' insulation

in places could easily have necessitated over driving the auxiliary heating unit.

In spite of these deficiencies in the building trains appearance and

mechanical systems, the trains are structurally sound and will probably remain

serviceable for many years to come.

A typical site is shown in Figure 3.4-1, and an abandoned site in Figure

3.4~2. Figure 3.4-3 shows storage facilities presently used.
3.4.1.2 Use of Helicopters

Some years ago the Mid Canada Line (MCL) was constructed. This was an unman-
ned radar line quite a few miles south of the DEWLine. The line consisted of
a manned main station which supported a group of 12 satellite unmanned radar
stations. The radar was a doppler radar which used vacuum tubes. The communica-
tions were microwave utilizing towers 128 to 280 ft. high. For each unmanned
station there was a radar/communications/power and life support module which
was kept locked. Nearby this complex was an unlocked emergency module which could
te used in case of fire in the main module or by a stranded traveler in need

of shelter.

This entire system was maintained by crews flown into the unmanned stations
by helicopters. Maintenance was performed according to discipline. The radar,
communication and power housekeeping was each maintained by a different crew on
a different maintenance schedule. Crews would go into the station for 9 days,
others for 6 or 5 days depending on the requirements of the discipline. They did
not change boards or drawers but made as many repairs and adjustments on site
as possible. Inasmuch as tubes were used extensively, power requirements were

high. Approximately 18 KW was required for operation in the unattended mode,
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and 30 KW required when the site was attended, with 45 KW of power being the
maximum available. The power source was diesel. The entire radar group consisting
of one main station and 12 unmanned satellite radar stations was maintained with

a helicopter moving men, equipment and supplies from unmanned station to unmanned

station to main station.

This whole procedure, according to Bob Parry who maintained the line, and
who is now a section supervisor on the DEWLine, worked very well and demonstrated
the advantages of unmanned radar as well as the use of helicopters in cold regions

of the world.

Helicopters were also used extensively in the construction of the Alaskan
Pipeline and continue to be used in its operation and maintenance. They are
also currently widely used in oil and gas exploration as well as numerous Arctic

research projects.

Helicopter travel is a key element in all these activities and suggests
that they are operationally and mechanically practical for transportation in

cold regions.

Because helicopter operation is adversely affected by even light icing
conditions, icing conditions along the DEWLine have to be considered in the

systems maintenance philosphy as well as its design.

Icing conditions and fog do exist seasonally along the DEWLine. It appears
that these conditions will make helicopter travel erratic for 3 months during the
spring and 3 months during the fall. This was brought to light during a dis-
cussion with the Canadian Environmental Service at CAM Main. This view was
collaborated thru discussions with technicians at the Canadian Weather Service
in FOX Main. They reported icing up of weather instrumentation even at ground
elevation. Helicopter pilots in the Alaskan sector reported similar weather

conditions.
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It appears, therefore, that as long as weather considerations are accommodated

in the radar systems maintenance philosphy helicopters can offer a practical

solution for Arctic travel. 1
3.4.1.3 Unrest In The Young Eskimos

The Arctic is growing very rapidly. O0il and gas exploration has proved
successful in Alaska as well as in northern Canada. This success has led to the
construction of the Alaskan Pipeline and there are currently plans for the
construction of a gas line in Alaska aé well as one in Canada. Also, there are
numerous weather service groups in the area engaged in weather data collection

and reporting. Some copper mining is done, and there is growing interest in

commercial fishing.

Because of these interests, there is a growing migration of whites into these
remote Arctic regions. This, in turn, has caused the introduction of supply depots
to support these activities. Medical support, while not swift and easy to reach,
is nonetheless available. The white man's presence and his humanitarian ways
has materially reduced the mortality rate of the Eskimo in recent decades.

This increase in the Eskimo population coupled with the white man's harvesting
of the Arctic food supply (i.e. thru sport and commercial interests) has produced

a situation whereby the Eskimo can no longer support himself off the land.

This situation has led to a cultural displacement in the Eskimo's social
order. He is between two cultures and is not at peace with either one. The
frustrations of the young Eskimo appears to be finding their outlet in aggressive

bahavior against the white man.

While Canada is experiencing some discontent in the Eskimos it does not
appear nearly as great as is found in Alaska. This difference is probably due
to how the Canadians handle their Eskimo affairs and because of the higher

economic activity in the Alaskan area.
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At BAR Main there were reports of breaking and entering, arson, vehicle
damage and vandalism. Five such incidents were recorded in the two weeks
preceding our visit. POW Main is also experiencing unrest similar to BAR Main.

Five people were killed in twodays. A couple was murdered on the beach with shot

gun blasts. There were two knifings in town and a truck driver crashed and burned.

An autopsy was being performed on the driver to determine if he was shot prior

to the crash.

To help counteract these social problems site personnel are planning to
organize girl and boy scout activities. They also are planning baseball and
basketball facilities and introduction of TV programs. These efforts in the
community are intended to improve the white man's image and help alleviate some

of the tensions.

Inasmuch as these problems do exist today, and since the Eskimo can range
as much as 100 miles from his village in the winter months, any unmanned site near

an Eskimo village could be vulnerable if this social unrest presists.

It would therefore seem prudent to take reasonable steps in the design of

the unmanned radar stations to protect against vandalism.
3.4.1.4 The Eskimo Economy

The Eskimo which habitates along the DEWLine derives his living thru a

variety of sources.

A few of the more skillful are engaged in the creation of a number of art
and handicraft items. These items are taken to one of the Eskimo cooperatives

where they are bought and shipped south to be sold in stores of the larger cities.

He is also employed in commercial fishing, "Arctic Char" being his principle
catch which is sold primarily to the larger restaurants in Canada as a delicacy.

This fish gets to market thru an Eskimo Cooperative of which he is a part owner.
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The Cambridge Cooperative harvests approximately 150,000 pounds of fish each

year for sale in the south. The commercial fishing is generally done in Tocations
30 to 40 miles away from the village, and is serviced by a single engine aircraft
which supplies and brings out the catch from the fishing camps each day. The
reason the commercial fishing is done remote from the village is because the
fishing grounds near the village are reserved for the village Eskimo so that he

may supplement his table with his own catch.

The Canadian Government also employs the Eskimo in maintaining the village
which in turn supports such activities as a post office, Canadian Custom Agencies,
navigational aid stations, weather reporting stations, weather research stations,

a small fishing industry and a Hudson Bay Store.

The DEWLine provides some employment for the Eskimo. This however is not
significant. They are generally employed in janitorial services and as heavy

equipment operators.

It appears the largest single source of income for the Eskimo is thru the
Canadian/Alaskan Welfare Systems. In both cases it appears quite generous and
enables the Eskimo to own snowmobiles, motor bikes, 1ive-in wooden houses and
heat with petroleum oil. While their 1iving standard is modest by any standard

' it certainly is many levels up from living off the land.

It was the judgment of the DEWLine site survey team that the removal of
DEWLine jobs from the Eskimo economy would have only negligible overall consequences

to the Eskimo economy.
3.4.2 A/E Consultants

A number of engineering firms were considered as consultants to General
Electric for this study program, as outlined in Figure 3.4-4. It was decided

early in the program cycle to utilize a Canadian firm if possible, as the largest

3-237




d

:
:
.
:

FIGURE 3.4-4

ENGINEERING, DESIGN, AND CONSTRUCTION CONSULTANTS

FIRM

SERVICE

" LOCATION

EXPERIENCE SUMMARY

-

The webb, Zerafa, Menkes
& Housden Partnership

Architects & Engineers

Toronto, Montreal,
Canada

One of Canada's largest A Firms
Structural & Architectural Engineering
Large number of programs, commercial, educational, residential

Poole Construction, Ltd.

General Contractor

Edmonton, Canada
(9 Branch Offices)

Canada's biggest general contractor, $275, 000,000 annual volume

Experts in northern construction, transportation, logistics

Projects include: Industrial, Highways, Airports, Bridges, Dams,
Ports, Municipal (water, sewers, etc./, Commercial, Institutionat

Project locations include: Inuvik, Tuktoyaktuk, Coppermine,
Cambridge Bay, Strathicona Sound

Tower Company, Ltd.

Destan, Engineer-
Construct, Fabrication

Montreal, Canada
(Branch offices in
Frobisher Bay
Resolute Bay

Toronto
Yellowknife)

General engineering and construction; five divisions: R & 0, Design,
Construction, industrial (manufacturingl, Operations & Matntenance

Supplied station modules for eastern portion of DEWLine, held O & M
contracts for DEW Line as joint venture with Federal Electric

Foundation design & site construction for Telesat Canada on Arctic
communication stations

Presently preparing manuat for Canadian Govt. on use & transportation
of prefab buildings for Arctic

Over 30 years of Arctic experience with over 1000 Arctic projects

M.F. Yolles & Partners, Ltd.

Structural Engineers

Toronto, Canada

Structural Design Organization specializing in commercial, educational
and governmental structures but significant background in other areas.
Has performed as the structural designer of an 1mposing listing of
projects in association with architects and developers. Sigmificant
experience in both concrete and steel design. Firm organized in 1952.
A specialized organization not providing electrical or mechanical de-
sign capability,

Atco Construction

Structure Fabricators

Montreal, Canada

Prefabricated building fabricator, DEWLine & Alaska pipeline applications

8urns & Roe Industnial
Services Cornoration

Engineers - Constructors

New York

Have provided engineering, design, construction management, operation
and maintenance on projects for NASA and the Armed Services

Familiar with high-reliability requirements from experience on Project
Mercury, Nike-Zeus, BOMARC, BMEWS, SAGE

Considerable Arctic experience at Thule, Greenland, on buildings,
foundations, runways, roads, water, sewer, heating, ventilating.
Also designed heavy-water production plant at Glace Bay, Nova Scotia

T TTTT————

Ammann & Whitney

Consulting Engineers

New York

One of larger firms in engineering consulting fieid, many military
projects including PAR, BMEWS

Performed several study programs for construction in permafrost from
Aleutian Islands through Narthern Canada to Greenland

Services include preliminary investigations, master planning, engineer-
ing & economic feasibility studies, research & development, concept
studies, geological & geophysical studies

Has in-house staff in structural,civil, architectural, soils, mechanical
electrical, protective construction, reliability, computer, dynamic
analyses, field survey.
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portion of the construction would be in Canada, and knowledge of the laws,
customs and environmental requirements of that country was considered most

desirable.

Of the organizations contacted, the Tower Company of Montreal appeared to
have the most Arctic experience in a range of disciplines from design through
construction. The company is a relatively small but very experienced, Arctic-
oriented engineering, research, design and construct organization. The President,
Dr. George Jacobsen, is a very prominent Canadian Arctic authority. The Project
Manager, Mr. G. A. Pankhurst, has a long association with the DEWLine dating from
the original site surveys through construction, operation, maintenance and

supervision.

The company is organized into five major divisions as outlined in

Figure 3.4-5.

The Tower Company has augmented their own capabilities by securing the
services of Mr. Robert Shaw of Montreal Engineering Company. As former Executive
Vice President of the Foundation Company, Mr. Shaw was responsible for the
original construction of the Canadian portion of the DEWLine. In addition, as
Deputy Minister for the Department of the Environment, Government of Canada, Mr.

Shaw authored Canada's Policy on Environmental Assessment for Federal Activities.

By virtue of their Arctic experience, the engineering consultant team has
been most helpful in contributing to our conceptual designs. They are very aware
of Arctic construction restrictions and Canadian Government environmental require-
ments. They are also familiar with security problems, especially vandalism and

pilferage.

They have suggested a prefabricated modular design shelter concept that is

readily transportable and meets the requirements of installation, fire safety

and security.
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FIGURE 3.4-5
THE TOWER COMPANY

Research and Development Division: Through its President, George Jacobsen, Dr. Sc.,
this Division is actively involved in all phases of arctic scientific research and application of
pure science to industry. Mr. Jacobsen is also Chairman and Sponsor of the Jacobsen-McGill
Arctic Research Expedition to Axel Heiberg Island, an arctic research effort (McGill
University) open to scientists from all nations.

Design Division: This unit provides a complete service of feasibility studies and design of
domestic, commercial, industrial, institutional and defence projects. It has the facility,
through its associates, to provide specialists’ services as an integral part of the total package.

Construction Division: This Division of the Company has successfully completed the
installation and construction of utilities, buildings and structures throughout the length and
breadth of Canada for a wide variety of clients. Contracts originate from public and invited
tenders, special negotiations and package proposals on fixed price or special cost formulae.

The Construction Division has performed pioneer work in the Arctic and other isolated
areas since its inception. It was the first to build wholly airlift-supported projects was the first
to use light aircraft with soft balloon tires for landing on totally unprepared arctic terrain. It
developed original foundation techniques for permafrost areas and pioneered the use of
lightweight prefabricated components manufactured in its own plants, for use in all types of
superstructures.

Industrial Division: Manufacturing facilities are maintained in St. Jerome and Lachute,
Quebec, for the production of pre-cut or prefabricated buildings and components in wood,
metal, glass or plastic according to design requirements. Modular components are held on
inventory for the construction of a general purpose building that is adaptable to a variety of
uses under all climatic conditions. This building is found in many forms in virtually all major
settlements throughout the Arctic regions. It is also in use in the more settled areas of
Canada.

Operations and Maintenance Division: Services provided by this group include the
provision of fully trained and qualified staff for the operation and maintenance of installations
such as electrical generating stations, public utilities, mobile equipment and buildings. They
also include the services of road and airport maintenance, cargo handling, warehousing and
camp operations.
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The Tower Company is very familiar with the work presently being done in the
Arctic on wind power generation and common fuel utilization as well as unattended

weather station developments.
3.4.3 Siting Considerations

Of primary importance in the site selection process are the functional require-
ments of radar operation and communication. When these conditions have been
satisfied, other factors for consideration are logistics of operation and main-
tenance; security against vandalism, theft, and sabotage; and construction elements.
While construction factors such as soil conditions, environment, available
material and logistics are important, they are essentially a one-time happening

in the total life cycle problem.
3.4.3.1 Existing Sites

Existing DEWLine Sites should be utilized whenever possible for both the
manned and for the unattended sites. The Arctic environment is quite dry and
equipment does not deteriorate at a very rapid rate. A number of facilities
already exist which can probably be used at a cost savings. While there are a
number of components in the existing system that should be considered for replace-
ment because they are worn out or obsolete, such as power plants, fuel storage
bladders and radar equipment, many site development elements can be used. These
include landing strips, beach heads, ports, temporary storage facilities, roads,

water sources, gravel, sanitation systems, radar and communication towers.

Logistical systems for these sites are proven, having been in use for
some time. The environment, soil, weather and ecological conditions are known.

Many of the existing sites will, no doubt, meet the siting criteria for radar

coverage, communication Tinkage and logistics.




The existing and operational 6 MAIN and 21 AUX sites are expected to fit
the above condition. The two abandoned AUX sites should have a high percentage
of usable facilities. Less information is available concerning the 28 abandoned
"I" sites but based on the survey conducted in 1971 and 1972 may have usable
air strips. It is reasonable to assume that gravel for construction and other

usable materials are available.

If all of the 57 existing and abandoned sites can be used, only 26 new sites

would require development to fill the complement of 83 unattendec stations.
3.4.3.2 New Sites

It is expected that the site areas will be selected by considering siting
criteria requirements. As a first step, suitable areas should be identified from
aerial photographs and maps to suit the technical specifications for a radar site.
This should be followed by field reconnaissance to pick or confirm a specific
location in the specified area which would be optimum for these installations.

A consideration in site selection is that care should be taken to locate areas
away from permanent native settlements, or from areas used as hunting camps by

the local natives.

During field reconnaissance, the location of the optimum site in the selected
area should consider suitability for radar and communications as primary con-

siderations.

While some general conditions can be anticipated it is expected that each
site will require individual treatment. Soil conditions, (rock, permafrost, etc.),
availability of local material, proximity of support base facilities, supply
routes, grounding conditions, local ecology and weather are some of the variables

that can be encountered. Only after site selection and survey, can a meaningful
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Access routes for construction of the facility and for the annual re-supply

must be addressed. Consideration should be for access by land, sea, and aircraft,
using helicopters for normal loads and the shorter flights, and Hercules type

air freighter for heavy loads to available airstrips, particularly during con-

| struction.

E In the case of new sites, where air strips do not exist, it is anticipated
; that none will be constructed. The unattended stations will be serviced by

helicopter, and the construction program can be supported by that form of

; transportation as well. Therefore, only a helicopter landing pad of locally
available material will be constructed. There is a minimum risk to near shore
installations of significant exposure from storms, winds, high tides and pack
ice. There should be little or no effect on the locating process from these
forces. Vulnerability to drifting snow, floods, icing, solidification and other

potentially destructive occurrences will require more careful examination and

protective designs.

Location and site preparation will be affected by the environmental constraints
imposed by the Department of Fisheries and the Environment of the Government of
Canada, and by similar agencies in Alaska. In particular, the Governments will
no doubt require that nesting areas for migratory birds, fish spawning ground,
polar bear denning areas and caribou calving grounds be avoided as much as
possible. It will also require that the natural insulation in permafrost areas

is either protected or replaced with artificial insulation. Suitable control of

drainage will also be necessary.

Satisfying the various Governmental regulations, expecially ecological
concerns, can take considerable time, and a construction plan will require site

selection determination. For these reasons, site selection must be scheduled very

early in the program.
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It has been determined that land acquisition in Canada should not be a
problem. The Canadian Government will procure the necessary real estate

at no cost to the program.
3.4.4 TOWERS
3.4.4.1 Radar Towers

The station design must first consider the functional requirements, that
is the radar must be capable of performing its function of gathering data and
the communication system must be able to transmit these data. Other elements
must also be considered; prime power must be available, security must be provided
to protect the system, the equipment must be protected from the elements and
it must be supportable. Most anything can be accomplished given enough time
and money but the expenditure of the minimum of resources is essential to good

design.

The assumed parameters for the radar include a ring array in the order of
20 to 25 feet in diameter, 8 to 10 feet high. A minimum elevation above sea level
of 125 feet is required and a height above grade of 10 to 15 feet is necessary
to eliminate local interferences. Therefore some structure is required to elevate
the radar array at any given location. A statistical check over the existing
DEWLine sites indicates that for the 83 sites considered in this study, structures

to elevate the radar will be required approximately as follows:

Tower Height (Ft.) No. Required Quantitized
70 to 80 2 75 ft. (6)
60 to 70 4
50 to 60 6 50 ft. (11)
40 to 50 2
30 to 40 3
20 to 30 6 25 ft. (66)
10 to 20 60
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While towers are required in all cases, it may seen that most situations
can be covered by a single design in the order of 15 to 25 feet high. The cases
not accommodated would require towers about double that height which may be
accomplished by modularization, that is, additional tower increments. Some
four to six situations may require special treatment. Judicious site selection

could eliminate the need for these special situations.

The existing DEWLine System employs 27 towers to support the radar antennas.

These Towers are all similar in design. They are approximately 50 feet above
grade with a platform about 50 feet square, and all can be made to meet the
criteria of 125 feet above sea level. A preliminary structural analysis has
been made of the existing tower design. The results indicate they are capable
of supporting a complete unattended site including radar, power plant, fuel and

emergency shelter.

With the removal of the present radar antenna and the radome these towers
could be used for an unattended radar application. A minimum of construction

and essentially no site preparation would be required. The design has been

proven to very satisfactory over the past 20 years. There are no moving parts
involved, therefore there is no wear and inspection of the facilities indicated

little if any corrosion or deterioration.

This study does not include the consideration for use of the existing
radomes. It is doubtful that the characteristics would be consistent with
the electronic requirements of the new system. In addition it is probably

not practical to assume an additional 30 year 1ife expectancy for these

structures.
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3.4.4.2 Tower Materials

A number of various materials were considered for support tower fabrication.
Pole supports and wooden structures were considered impractical for this application
due to the required tower height and wind loading. Reinforced concrete cast on
site was rejected because of required material handling and high; on site, labor
costs. Precast components for tower elements would probably require prestressing
of the concrete due to tension loading. Considering handling and shipping dif-
ficulties this concept was eliminated as being non competitive with metal structure
elements. However precast foundation components shipped to the job site appears

quite attractive.

Structural steel (carbon steel) with a galvanized finish is a very common
tower material. It has a number of advantages being readily available from a
number of sources. Fabrication, welding and shaping are relatively simple, due
to common usage. However the use of carbon steel in the Arctic is subject to
some controversy. It does not have good low temperature properties as it becomes
brittle or nonductile. There have been failures in welded carbon steel structures
at low temperatures, usually traceable to a stress raiser such as a notch or
weld undercut. These failures have been dramatic and catastrophic such as ships

breaking in two and pressure vessels splitting apart.

Carbon steel has been used extensively in Arctic applications and as far
as can be determined the existing DEWLine radar towers are of carbon steel.
Most certainly other equipment such as trucks, snow plows, tractors, etc. are
used in the Arctic and are composed of carbon steel components. With care in
design and fabrication carbon steel can be used satisfactorily in the Arctic

environment.
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High nickle alloy steel is sometimes specified for Arctic structures
because of its good low temperature strength characteristics. As an example
the steel in the BMEWS antenna reflector structures at Thule, Greenland and
Clear, Alaska are of this alloy and was specified as exhibiting 15 foot pounds

at -65°F when subjected to Charpy impact test, (ASTM E-23).

While alloy steels can provide good low temperature properties, they are
usually not readily available and quite often require a special mill run. They
are usually more costly then carbon steel. In addition the alloys present dif-
ferent problems in fabrication especially welding techniques which can increase

manufacturing costs.

Weathering steel (Corten A, Mayari R) was considered because of its unique
properties in the area of corrosion resistance, but this factor is probably of
less importance in the arctic where corrosion is not a serious problem. It is
probable that less tonnage could be utilized as these steels tend to have higher
strength than carbon steels. Like the nickle alloy steels they are rot as
readily available as carbon steel although this factor is diminishing with in-
creased use of the material. Special fabrication techniques, especially in
welding is required. These steels do not exhibit good low temperature properties
with an average temperature of about -15%F for 15 foot-pounds Charpy V-notch
test. Material and fabrication costs are higher than carbon steel even con-

sidering the offsetting factor of less tonnage due to higher strength.

Aluminum is often used as a structural material for towers and on a
weight basis is stronger than steel which results in less tonnage but greater
bulk. Aluminum has good corrosion properties, again probably not an important
factor in the Arctic. It does exhibit good low temperature properties but both
material and fabrication cost can be greater than carbon steel depending on market

conditions at the time of purchase.
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It is felt that all the metallic materials considered are viable candidates
depending on how the designed or user feels about corrosion resistance and low
temperature properties. Recommendations at fhis time would be carbon steel or
aluminum but the designer should select the material at the time of detail design
considering the market fluctuations for material cost as well as the factors

of fabrication, shipping, erection and maintenance.
3.4.5 Storage

It is anticipated that at the unattended station storage other than fuel
will be at an absolute minimum, limited perhaps to a few items such as light
bulbs and fuel filters. Assuming prime power is by diesel-electric generation,
then fuel will be the largest item of on-site storage and resupply with an

estimated 4,000 gallons (27,000 pounds) required on an annual basis.

Arctic A fuel, which is essentially JP-5, is presently used on the DEWLine
for diesel fuel. As it will probably continue to be used at the logistics nodes
where comsumption is very high compared to the requirements of an unattended
station, it is recommended for use in the unattended case. A variation of
this principle might be considered if the power generator finally selected
exhibits an unacceptable efficiency with this fuel. It may be used with aircraft

or helicopter jet engines and as a heating fuel.

Arctic A o0il is the only fuel that need be stored at the unattended site.
Not having a requirement for gasoline reduces the fire hazard and simplifies the
supply problem. Since the stored fuel is not suitable for the vehicles usually

employed by the local natives the threat of loss through theft is reduced.

Present practice on the DEWLine is to assume a shelf life of 5 years for
Arctic A fuel. It is tested on an annual basis for the first 3 years and every
six months for the next 2 years. Stocks are rotated as required to assure con-

sumption before deterioration.
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A minimum of one year's fuel supply should be stored at the unattended
station. Allowing for emergency refueling of maintenance helicopters which
will use the same supply as the diesel generators a minimum of 4,500 gallons

storage capacity is required.

Emergency resupply may be provided by helicopter on a less than annual basis
if required. It is advisable to provide at least two separate tanks which may
be partitioned to provide additional cells. This will prevent a disastrous loss
in the event any one cell is ruptured or otherwise unintentionally emptied. Tanks
may be of aluminum or steel but if steel is employed they should be plastic lined.
In detail design consideration might be given to pressurizing the tanks with
an inert gas which will eliminate the necessity for air vents and retard oxidation
and condensate formation. This would also provide a positive pressure head to
aid in filtration and eliminate the need for pumps in a gravity flow design

should filtration be a restrictive constraint.

Detail design will develop the required plumbing and valving to transfer

——

fuel from the tank cells as required, using techniques as employed by large air-
craft with multiple tankage. This transfer can be done automatically by use of

the on site microprocessor or remotely from the manned node.

Fuel storage may be provided in tankage external to the shelter in a con-
ventional "tank farm" or possibly in underground storage. However underground
storage would probably be quite difficult as most locations will be on perma-
frost or rock terrain. Arctic experience has indicated that an absolute minimum

of excavation is desired. Present practice is to elevate all piping to avoid

permafrost penetration and the resultant problems of frost heaving and thaw
settling. External storage imposes the requirement of some kind of heating to
provide fluid flow and is much more difficult to protect against theft, vandalism

and accidental damage.
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Good design practice dictates that in permafrost affected areas outside
storage tanks should be insulated from the ground. This may be accomplished by
setting them on a spread footing over an insulating fill foundation or above
an air space. Setting them on concrete or steel supports resting on pile founda-
tions surrounded by insulating material to permit free passage of air underneath
the tanks is also acceptable. Inside storage eliminates many of these problems.
Heat is available to assure fluid flow and protection is much easier to achieve.
Detail design can consider the options of self sealing tanks in the event of
penetration or an external "bullet proofing" material such as those presently
being used in military applications and described in Figures 3.4-6 and 3.4-7.

In the quantities involved internal storage need not constitute a fire hazard.
There are may applications of inside fuel storage such as ships, factories and

homes where adequate fire safety measures are well proven.

For the unattended station design the recommendation is for inside fuel
storage. The incorporation of the fuel storage into the station facility is

described under the shelter description, Section 3.4.6.

Fuel resupply systems to the unattended station may vary depending on
the site location and logistics system. Distribution along the line will
probably continue to use the present barge system. There may be some locations
where existing fuel transfer facilities can be used but the basic unattended
station design will accommodate resupply by helicopter. Various concepts have
been considered such as tanks built into the helicopter and the use of sling
loads of standard oil drums. The most attractive approach appears to be a
series of specially designed tanks with a capacity of the maximum pay load of the
helicopter, about 500 gallons with the aircraft recommended. Multiple trips,
probably 8, would be required from the barge, which need not stop, to the
station. The tanks would be filled from the bulk tanks on the barge and air

lifted to the station where the fuel would be transferred to the storage tanks.
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FIGURE 3.4-6

REINFORCED PLASTICS DIVISION

¥ UPPER LEFT 2 Fip.738 Balisvie
glass reinforced panel.

3 LOWER LEFT £ RA2ac by

‘ }'cxubl. bonded Revisr a armor.,

1 RiGlit - Moided Raviar armor,
helicopter seat.

-

RUSSELL has been supplying HF-738 rigid
FRP armor to government agencies, banks and
other security services for many years.

Close technical liaison with DuPont over the
past 5 years has resulted in processing and
fabricating expertise in producing Kevlar rigid
and flexible armor.
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® This new materials technology has made
possible /ightweight armored products for
personnel, vehicle and equipment protection.

@ Reinforced plastics, employing Kevlar, can
substitute for most conventional armors with
significant weight saving for equivalent pro-
tection.
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FIGURE 3.4-7

MILITARY APPLICATIONS

v b

BANK SECURITY i

Fragmentation and Spall Protection Small Arms Protection 3
AIRCRAFT: ® Panels for enclosures, doors, teller

e Blast Shields for pilot/co-pilot cades. i 1

® Seats ° Surve_zlllance camera protection ,

e Fuel tank and engine shielding ® Flexible body armor for Guards !

e Hydraulic line protection L Armore_d Car and Personnel ]

® Custom shapes for critical Protection !

component shielding :

GROUND FORCES: POLICE AND LAW ENFORCEMENT
® Tank and Personnel Carrier ® Vehicle liners ]

Armor

® Personnel protection — Helmets —
Body Armor — Automotive
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